Background and Purpose-The purpose of this study was to compare definitions of metabolic syndrome with regard to their prediction of stroke and coronary heart disease incidence. Methods-The study comprises 4041 men and 3812 women of 6 Finnish and Swedish cohorts aged 25 to 74 years at baseline. Hazard ratio was estimated applying Cox regression analyses adjusting for cohort, cholesterol, and smoking and using age as a time scale. A paired homogeneity test was performed to compare the differences. Results-A total of 113 (47) ischemic and 43 (15) hemorrhagic stroke and 235 (50) coronary heart disease events were accumulated in men (women). Hazard ratios (95% CIs) for ischemic stroke in men were 1
T
here are different definitions of metabolic syndrome (MetSyn), and there seems little doubt on the ability of MetSyn to predict coronary heart disease (CHD), [1] [2] [3] but whether all definitions predict cardiovascular disease (CVD) risk equally well is still unclear. Studies have also noticed that the CVD risk of a full definition of the syndrome was not different from that of some of its single components. 4 -7 Among the numerous studies about MetSyn, fewer have evaluated the impact of the syndrome on stroke and compared different definitions. The risk of stroke and CHD in relation to a full definition of MetSyn as well as its single component is estimated and compared in the Finnish and the Swedish cohorts.
Subjects and Methods

Study Population
The study population comprises 4041 men and 3812 women of 2 Finnish and 4 Swedish cohorts aged 25 to 74 years at baseline and followed for 4 to 21 years. Except for the Uppsala Longitudinal Study of Adult Men (ULSAM) all other studies 8, 9 have been carried out following the standard World Health Organization (WHO) MONICA procedures. 10 Individuals participating in the MONICA studies were randomly drawn from national population register. ULSAM is a population-based cohort study of diabetes and cardiovascular disease in men recruited originally in 1970 to 1973 and re-examined in 1991 to 1995 in Sweden. 11, 12 The data collected in the 1991 to 1995 examination were considered as baseline in the current data analysis. Individuals included in this article are those who were at baseline survey free of CVD either self-reported CVD or identified from a register as having CHD or stroke; free of previously diagnosed diabetes; and had all other covariates required for the current data analysis.
Definition of Metabolic Syndrome
Four different definitions of MetSyn were studied and their actual definitions used in this article are described subsequently. Because data on urinary protein excretion and on insulin resistance under the hyperinsulinemic and euglycemic conditions are not available, the WHO definitions of MetSyn used in the present study are modified. Because lipid-lowering drugs were seldom used before 1994 and were not available in most of the cohorts, the "treatment" for dyslipidemia was not taken into account in the definition.
Individuals with fasting plasma glucose (FPG) Ն6.1 mmol/L and/or 2-hour plasma glucose Ն7.8 mmol/L and/or insulin resistance were considered to have WHO MetSyn 13 if they, in addition, had 2 or more of the following other components: (1) central obesity (waist-to-hip ratio Ͼ0.90 in men, Ͼ0.85 in women) and/or body mass index Ͼ30 kg/m 2 ; (2) hypertension, arterial blood pressure Ն140/90 mm Hg, or use of antihypertensive drugs; and (3) plasma triglycerides Ն1.7 mmol/L and/or plasma high-density lipoprotein cholesterol Ͻ0.9 mmol/L in men and Ͻ1.0 mmol/L in women. Insulin resistance was defined by the top quartile of the fasting insulin concentration among nondiabetic individuals in the background population. Because the insulin measurements were not standardized between studies, the quartile cutoff points were calculated separately for each individual cohort and separately for men and women.
The National Cholesterol Education Program (NCEP) definition does not have any prerequisite; a diagnosis can be made if a person has 3 or more of the 5 components of: (1) waist circumference Ͼ102 cm in men and Ͼ88 cm in women; (2) FPG Ն6.1 mmol/L; (3) hypertension, arterial blood pressure Ն130/85 mm Hg, or use of antihypertensive drugs; (4) plasma triglycerides Ն1.7 mmol/L; and (5) plasma high-density lipoprotein cholesterol Ͻ1.03 mmol/L in men and Ͻ1.29 mmol/L in women. 14, 15 In the revised NCEP definition, the cutoff value of the FPG was lowered from 6.1 mmol/L to 5.6 mmol/L according to a report of the National Heart, Lung, and Blood Institute/American Heart Association. 16 According to the International Diabetes Federation (IDF) definition a person can be defined as having MetSyn if he or she has central obesity (defined as waist circumference Ն94 cm for men and Ն80 cm for women in Europids) plus any 2 of the following 4 components: (1) The first nonfatal myocardial infarction and the first fatal CHD events constitute the incident CHD events, whereas incident stroke events consist of the first nonfatal stroke events and the first fatal cerebrovascular events after the baseline survey. Subjects with a self-reported history of CVD or ascertained from the registers as having CHD or stroke before the baseline survey were excluded from the data analysis.
Statistical Analysis
SPSS for Windows (Version 15.0.1) was used for calculating means and proportions. Cox proportional hazard model analyses were performed using R 2.6.1 Programme adjusting for cohort, total cholesterol, and smoking using age as a time scale. Hazard ratios (95% CIs) for CHD or stroke incidence in relation to MetSyn of different definitions and single risk factor components of these definitions were estimated. The assumption of the proportionality was examined in each fitted Cox model for each explanatory variable as well as for the whole model as indicated by a global test. There was no statistical evidence showing that the assumption of the proportionality did not hold. Homogeneity tests were made to test the null hypothesis that the multivariate adjusted ␤ coefficients (effect size) for CHD or stroke incidence in relation to MetSyn by different definitions were not statistically different from each other using the program written by John Fox (Car package in R 2.6.1 program). The hypothesis will be rejected if the probability value of the test is Ͻ5%, and the test will indicate that the predicted events or ␤ coefficients are different with different definitions. Both paired and global tests were performed. The paired comparison has been made for any 2 full definitions of the syndrome and also for a full definition versus its single individual components when the 2 being tested are in the same model.
Results
The baseline characteristics of the cohorts and the follow-up information are shown in Table 1 . The occurrence of the CHD events was higher in men than in women in all cohorts studied, but this is not the case for stroke. In men, the majority of the events came from the ULSAM91-95 study because the study participants were on average 18 years older than other participants.
Prevalence of MetSyn of different definitions and their individual components were higher in men than in women except for low high-density lipoprotein and obesity indices for which different definitions for men and women have been used (Table 2 ). In men, a full definition of MetSyn, elevated blood glucose, high blood pressure, and dyslipidemia all significantly predicted the incident CHD events, but none of the obesity indices did (Table 3 ). In women, the significant risk predictors of the CHD events are MetSyn of the NCEP revised and the IDF definitions, low high-density lipoprotein, and high blood pressure; the hazard ratios for various obesity indices were also high, but the statistical significance was reached only by the WHO obesity. Neither a full definition nor its single component predicted hemorrhagic stroke except for elevated blood pressure in both men and women (Table  4 ). However, MetSyn of different definitions and most of their individual components significantly predicted the occurrence of the ischemic stroke, particularly in women (Table 4) .
There was no difference among the 4 definitions of MetSyn in men, but the IDF definition was better than the NCEP and the WHO definitions in women with regard to the prediction of the CHD incidence (Table 3 ). All 4 were equally well in prediction of ischemic stroke. A full definition of the syndrome did not perform better than most of its individual components (Tables 3 and 4) .
In addition to cohorts, smoking and total cholesterol, a further adjustment for education (1 to 9, 10 to 12, and Ͼ12 school years), and leisure time physical activity (sedentary, moderate, and intensive) was also made in the data analysis. Hazard ratios for various estimates were not changed much, but the CIs became wider compared with the estimates without adjustment for education and physical activity. This is because the information is missing for approximately 400 people.
The hazard ratios corresponding to a 1-SD increase in linear form of the body mass index and waist circumference and in triglycerides were higher in women than in men for both incident CHD and ischemic stroke (Table 5) . Elevated blood pressure and high blood glucose levels predicted ischemic stroke in both men and women, but predicted the CHD incidence only in men but not in women. HDL-C indicates high-density lipoprotein cholesterol; WHR, waist-to-hip ratio.
Discussion
Our current collaborative data analysis shows that all 4 definitions of MetSyn predicted the incidence of CHD equally well in men, but the IDF definition performed better than others in women. There was also no difference among the 4 definitions with regard to the prediction of ischemic stroke. The presence of MetSyn seemed not increase the risk of hemorrhagic stroke. Most of the individual components of MetSyn predicted the incidence of the CHD and ischemic stroke as equally well as its full definition.
Meta-analyses based on published prospective studies that have evaluated the association of the modified WHO definition or the original NCEP definition with the risk of CVD have left little doubt about the contribution of clustering of risk factors to the increased CVD risk. [1] [2] [3] 18 A recent metaanalysis based on data of 17 population-based studies that applied the original NCEP definition showed that the CVD risk increased in the presence of MetSyn of the NCEP definition in most studies with an overall hazard ratio of 1.6 (95% CI, 1.5 to 1.8). 3 Three recent population-based studies, including the IDF definition of MetSyn in Danes, 19 Swedes, 6 and in American Indians, 20 showed that the relative increase in CVD risk related to MetSyn was lower for the IDF criteria than for the NCEP or the WHO criteria, but there was no formal statistical test applied. Population-based studies that have formally tested the differences between definitions of MetSyn are still rare. Nevertheless, it is practically important to know the differences to understand the underlying causes of the clustering and to make a uniform definition worldwide. We have previously reported that the prediction of CVD mortality was stronger in European men diagnosed by the WHO definition than in those diagnosed by the IDF definition (Pϭ0.03), but there was no difference between the IDF and the NCEP or the NCEP and the WHO, whereas in women, the IDF conveyed a slightly higher risk than NCEP revised definitions. 4 In the current study, the hazard ratio for the CHD incidence was slightly lower in men for the IDF definition than for the NCEP or the WHO definitions, but they did not differ statistically, whereas in women, the IDF definition was significantly better than the NCEP or the WHO definition. However, the IDF definition labeled more people with the syndrome than others and thus requires more efforts or resource for intervention. Whether the intervention targeting people labeled as having MetSyn is cost-effective is unclear and requires further investigation. It needs also to be borne in mind that a modified rather than an original WHO definition was compared. Microalbuminuria has been found to increase the risk of vascular disease in patients with diabetes with MetSyn, 21 but a population-based Finnish study found that WHO MetSyn, which includes microalbuminuria in the definition, was not better than other definitions with regard to the prediction of the incidence of stroke. 22 Population-based studies investigating the impact of MetSyn on stroke events are still rare. One study among nondiabetic American whites and blacks aged 45 to 64 years found that the NCEP definition conveyed a similar risk for incident ischemic stroke as that for incident CHD, 23 but in another study among elderly American whites and blacks, the NCEP revised definition was not a risk predictor for stroke but was for CHD. 24 A modified WHO definition of MetSyn has been reported to increase the incidence of ischemic stroke in middle-aged Finnish men. 25 Another Finnish study among the elderly reported recently that principally all definitions studied predicted incident stroke events when only age and gender were adjusted, but the model prediction could be improved after simultaneously fitting the model with all components of each corresponding definition, and the prediction for impaired glucose tolerance alone was as strong as that for its full definitions. 22 Population-based studies revealed that a revised NCEP definition using South Asian criteria for high waist circumference was a risk predictor for either ischemic or hemorrhagic stroke in Chinese 26 and in Japanese men, but not for hemorrhagic stroke in Japanese women. 27 There are, however, limitations with the previous reports; the sample size is relatively small, there are no data for women alone, and moreover, none of the previous studies have formally compared the effect sizes between 2 definitions and between a full definition and its single individual component of the same definition. Our collaborative data analysis of the large population-based cohorts provides a unique opportunity to investigate the subtype of stroke and its relationship to the cluster of the risk factors separately for men and women and to compare effect sizes between the different definitions of MetSyn and between a full definition and its individual components applying a formal paired as well as global homogeneity test. We found that all 4 definitions studied predict the ischemic stroke equally well. However, none of the definitions of MetSyn or of their single individual factors predicted hemorrhagic stroke except for high blood pressure. This can be explained by the different underlying causes of ischemic and hemorrhagic stroke; the former is mainly a consequence of atherosclerosis and the latter mainly caused by elevated blood pressure and cerebral aneurysms. However, taking into account the low number of hemorrhagic stroke events, the interpretation of the finding requires caution and the study question needs to be further investigated. Studies have also shown that individual MetSyn components predicted the CVD risk by a similar magnitude as that of the actual syndrome. 4 -6 A hyperinsulinemic-euglycemic clamp study showed that approximately one third of the subjects who did not meet the NCEP criteria for MetSyn were insulin-resistant. 28 Importantly, these subjects were not significantly different from those meeting the NCEP criteria in regard to the prevalence of impaired fasting glycaemia, impaired glucose tolerance, glucose disposal rates, and lipoprotein subclass composition (increased very-low-density lipoprotein size and large verylow-density lipoprotein concentration and decreased large high-density lipoprotein particles and high-density lipoprotein size). 28 Recently, Hanefeld and coworkers showed that in people with type 2 diabetes, the cluster of diabetes with hypertension seemed more strongly associated with the concurrence of cardiovascular events than other clusters of MetSyn. 29 MetSyn comprises heterogeneous clusters of individual components or traits. Different approaches should be used to treat different traits even in the absence of a full definition of MetSyn.
The strengths of the study include its population-based study design, which have applied the standard MONICA survey procedures, 10 and its complete follow-up using national registers; the high quality of data collection for both demographic and event data according to the quality assessment reports of the MONICA study (www.ktl.fi/ publications/monica/coreqa/table10.htm; www.ktl.fi/ publications/monica/strokeqa/table16.htm); and the standard 2-hour, 75-g oral glucose tolerance test for diagnosing diabetes. However, our study has also certain limitations, including using a modified WHO definition for MetSyn and pooling all cohorts together in the data analysis to increase the statistical power. Although we have a relatively large sample size and relatively long follow-up, the stroke events are still low. This is because most of the cohorts recruited mainly middle-aged people and the stroke events are relatively lower in the middle-aged than in the elderly population. This has hampered the data analysis in subgroups due to the low statistical power. However, this power problem will always be met if one intends to study stroke subtype in the middle-aged population. We have disclosed all details about the definition of MetSyn. To minimize the discrepancies between cohorts in anthropometric and laboratory measures, we have used cohortspecific values of the study variables and taken cohort as the covariate in all pooled data analyses. Therefore, it is very unlikely that these technical limitations will bias our results and lead to a misinterpretation of our results. We also ran the data analysis by excluding the data from the ULSAM91-95 cohort to check whether the outcome in men has been driven by this elderly cohort from which the majority of the events came. After removing the ULSAM91-95 cohort from the data analysis, the estimates did not change substantially but the CI became wider.
In conclusion, both a full definition of MetSyn and its single individual components predicted the development of ischemic stroke and CHD equally well. Intervention for CVDs should target not only MetSyn, but also its individual factors even in the absence of a full definition of the syndrome. 
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